Introduction
Hepatitis C virus (HCV) is an enveloped, single-stranded RNA virus belonging to the family Flaviviridae. It is a common cause of post-transfusion hepatitis in the resource-poor settings. HCV infection is a global health problem with a worldwide prevalence of around 2-3%, [1] with more than 185 million seropositive people worldwide. [2] India has over 10 million HCV seropositive individuals, the disease being largely spread by blood transfusion and unsafe injection Since treatment is expensive and often accompanied by several adverse effects, the significance of viral and host factors which impact on the severity of disease and response to treatment becomes immense. Age <40 years, female gender, East Asian and Caucasian ethnicity, lower body mass index, absence of diabetes mellitus, absence of steatosis on liver biopsy, liver fibrosis with a staging score ≤2 are established factors which predict a good response to therapy. [6] Recently several genome-wide association studies have shown that single nucleotide polymorphisms (SNPs) within or adjacent to the IL 28B gene (rs12979860 and rs8099917) are strongly associated with response to PEG-IFN/RBV therapy in genotype 1 infections. [7] [8] [9] The IL28B gene located on chromosome 19 codes for interferon λ3 which via the JAK-STAT pathway induces antiviral and antiproliferative activity in many cell types and upregulates interferon-stimulated genes. [10] The role of these polymorphisms and their impact on response has been studied not only in hepatitis C but in a large number of other infectious and non-infectious diseases, i.e., herpes simplex virus, cytomegalovirus, human T-lymphotropic virus and HIV to name a few. [11] The genotypes at rs12979860 are CC, CT and TT, while those at rs8099917 are TT, TG and GG. Homozygosity of the C allele at rs12979860 and homozygosity of the T allele at rs8099917 has been shown to be associated with a better treatment response in chronic HCV infection. These polymorphisms show a marked differential racial distribution [7] explaining much of the observed differences in the response rates to treatment in different ethnicities. Its association with spontaneous clearance of HCV infection has been shown irrespective of the viral genotype. [12] The association with virological response has also been found in HCV genotype 4. [13] The association of IL28B polymorphisms with response to treatment in HCV genotype 2 and 3 infections have remained controversial. [14] Data on IL28 polymorphism from India are sparse. Three studies have attempted to determine the association of these polymorphisms with treatment response in HCV genotype 3 infected persons from the country. [15] [16] [17] However, an association of these polymorphisms with genotype 1 has not been studied in Indian patients even though it is the second most common genotype circulating in India.
Objectives
This study aimed to determine the association of IL28B gene polymorphisms at rs12979860 and rs8099917 with treatment response in patients with chronic HCV genotype 1 and 3 infection. We also studied the correlation of other host factors such as age, gender, body mass index, diabetes and baseline alanine aminotransferase (ALT) levels with response to IFN-based treatment.
Materials and Methods

Study design and patients
This was a longitudinal study conducted at a Tertiary Care Hospital in South India between April 2013 and April 2015. The approval for the study was obtained from the Institutional Review Board and Ethics Committee. Patients ≥18 years of age, with HCV genotype 1 or 3 infection on treatment with IFN (standard/pegylated) and RBV were recruited after written informed consent. The exclusion criteria were immunosuppression, hepatitis B virus or HIV coinfection, pregnancy, tuberculosis and patients on dialysis. Relevant information about the patient, such as age, gender, weight, height, diabetic status and liver enzymes, was obtained from clinical records.
Hepatitis C virus RNA quantitation and genotyping
Eight to ten mL of blood was collected by venipuncture in vacutainer tubes containing dipotassium ethylene diamine tetra acetate (BD Biosciences). The tube was centrifuged at 2500 rpm for 10 min and the supernatant plasma was stored at −60°C until HCV viral load testing and HCV genotyping. Buffy coat from the same tube was pipetted out and layered with an aliquot of cell freezing solution to make up a volume of 200 μl and then stored at −60°C until testing for the interleukin (IL) 28B polymorphisms.
HCV RNA levels were determined using Abbott real time HCV polymerase chain reaction (PCR) assay (Abbott, Wiesbaden, Germany), according to the manufacturer's protocol. Viral load measurement was done at baseline before the initiation of IFN/RBV therapy and thereafter at specific time points of monitoring, i.e., rapid viral response (RVR) at week 4, early viral response (EVR) at week 12, end of treatment response at 24/48 weeks of treatment and SVR which was measured 6 months after completion of therapy. Viral genotyping was done by sequencing of the NS5B region of the HCV genome. Nested real-time-PCR (RT-PCR) was performed, followed by bidirectional sequencing using ABI PRISM 310 genetic analyzer (Applied Biosystems, California, USA).
Interleukin-28B genotyping
Genomic DNA was extracted from the buffy coat using QIAamp ® DNA Blood Mini Kit (Qiagen, Hilden, Germany) as per manufacturer's protocol. The extracted DNA was quantified spectrophotometrically using Take3, Gen5™, BioTek. The two polymorphisms were genotyped using PCR-restriction fragment length polymorphism (PCR-RFLP) using primers as per an earlier published study. [18] Primers for the amplification of rs12979860 locus were 5' GCGGAAGGAGCAGTTGCGCT 3' (forward) and 5'GGGGCTTTGCTGGGGGAGTG 3' (reverse), while those for rs8099917 locus were 5'CCCACTTCTGGAACAAATCGTCCC 3' (forward) and 5'TCTCCTCCCCAAGTCAGGCAACC 3' (reverse). 100-300 ng of the DNA extract was amplified with 10 pmol of the respective primers and HotStar Taq Master Mix (Qiagen, Hilden, Germany) with a final reaction volume of 25 μl. The cycling conditions were as follows initial denaturation at 95°C for 15 min, denaturation for 30 s at 95°C, annealing for 30 s at 60°C for rs12979860 and 56°C rs8099917, followed by extension at 72°C for 45 min. These steps were repeated for 40 cycles with final extension at 72°C for 7 min. For RFLP analysis, digestion of the amplicons was carried out using restriction endonucleases BstUI and BsrDI (New England Biolabs, UK) for rs12979860 and rs8099917, respectively. The digested products were electrophoresed on a 3% of agarose gel and the polymorphisms were identified [ Figure 1 ].
A representative set of samples (5 each for rs12979860 and rs8099917) were bidirectionally sequenced by Sanger sequencing for verification of RFLP results [ Figure 2a and b]. The primers used were the same as those for PCR-RFLP, except the reverse primer for rs12979860, which was as follows: 5' GTGCCTTCACGCTCCGAGCA 3'. [18] 
Statistical analysis
Continuous variables were reported as mean ± standard deviations or median. Categorical variables were expressed as frequencies and percentages. Then, the association between response and other covariates were assessed using Chi-square or Fisher's exact test, as appropriate. P ≤ 0.05 was used as criterion for statistical significance. For IL 28B genotypes, the deviation from Hardy-Weinberg equilibrium was assessed, and association with response was performed using Chi-square test. Logistic regression analysis was performed with IL 28 genotypes and baseline ALT as covariates. All data generated in the study were analysed using Stata Statistical Software: Release 11. College Station, TX: StataCorp LP.
Results
A total of 78 patients from different parts of the Indian subcontinent were recruited in the study. Of them 42 could be followed up till the time point of measurement of SVR, and were thus included in the analysis. The remaining patients were either lost to follow-up, discontinued treatment or were at different stages of monitoring. In the cohort of 42 patients analysed, the median age was 48 years, and 64.3% of cases were males. Nine patients (21.4%) were infected with HCV genotype 1, 32 (76.2%) with genotype 3 and 1 (2.4%) with genotype 4. Since the duration of IFN/RBV based treatment of genotype 4 is similar to that of genotype 1, a case of genotype 4 was included in the study. An overall treatment efficacy of 61.9% was seen. The response rates in genotype 3 and 1 infections were 62.5% and 55.6% respectively, but the observed difference was not statistically significant (P = 0.706). We did not find any difference in response rates in the group treated with PEG IFN and standard IFN (60.7% vs 64% respectively, P = 1.00).
Host genotype frequencies at the two loci were studied, and it was found that rs12979860 CC/CT/TT distribution When the distribution of these polymorphisms in responders and non-responders were compared, it was found that CC genotype at rs12979860 and the TT genotype at rs8099917 were significantly higher in the responders [P = 0.013 and 0.042 respectively, Figures 3 and 4 ].
Other variables such as age, gender, body mass index, baseline ALT levels, diabetic state and pre-treatment viral load were studied for their impact on SVR. Of these variables baseline ALT ≤ 105 U/ml (3 × upper limit of normal) was found to be significantly associated with treatment response [ Table 1 ].
Another variable analysed for its association with SVR was RVR. Measurement of RVR was possible only in 21 patients. Among the 21 patients who could be sampled for RVR, 17 showed undetectable viral loads and 16 of these attained SVR. Interestingly, the remaining 4 patients who did not achieve RVR failed to achieve SVR in due course. Although RVR was found to be highly predictive of treatment response [P = 0.0008, Table 1 ], we did not attempt a logistic regression analysis owing to the small numbers involved.
Using logistic regression we studied the association of the two polymorphisms with SVR after adjusting for ALT. CC genotype at rs12979860 emerged as the most powerful predictor of treatment response [ Table 2 ].
Discussion
After the genome-wide association studies established the significance of rs12979860 and rs8099917 polymorphisms in response to HCV antiviral therapy, several studies replicated the association in HCV genotype 1 and 4 infections. However, the association with HCV genotype 2 and 3 infections has been less clear, with a large number of studies showing contrasting results. [19] [20] [21] [22] However, the largest meta-analysis by Jiménez-Sousa et al. found significant association rs12979860 and rs8099917 polymorphisms with treatment response in genotypes 2 *ALT cut-off was 105 U/ml (3×upper limit of normal). SVR: Sustained viral response, BMI: Body mass index, RVR: Rapid viral response, ALT: Alanine aminotransferase and 3 infected patients, but the strength of association was three-fold lower than that for genotypes 1 and 4. [14] It has been suggested that the inherently higher treatment response rates in these genotypes might attenuate the effect of SNPs, and this necessitates the study of larger sample sizes to find significant differences. [14, 23] Genotype 3 is the most prevalent genotype in the Indian subcontinent, followed by 1. In 2012, Sivaprasad et al. [24] studied the distribution of genotype and allelic frequency of IL28B rs12979860 polymorphism in 220 healthy uninfected controls in Andhra Pradesh, India, and found that the frequency of CC genotype (59%) was significantly higher compared to CT (34.09%) and TT (6.81%). However, the association of these SNPs with treatment response was not looked into. Thereafter, three studies have attempted to find out the association of the SNP (s) in HCV genotype 3 patients. However, ours is the first attempt from the country to look at the impact of these polymorphisms in genotype 1 infected patient, in addition to genotype 3. Notably, genotype 1 has been found to be the predominant genotype infecting patients in Southern India. [25, 26] Since ours is a referral centre with patients coming from far-off places, the longer duration of treatment and thereby follow-up required to establish SVR with genotype 1 hindered us from having more genotype 1 patients in this study. Table 3 summarizes and compares the findings of the available Indian studies. In keeping with the other studies from the country, we found CC genotype at rs12979860 to be highly predictive of SVR. The TT genotype at rs8099917 was significantly higher in responders when compared to non-responders.
When we studied the impact of other viral and host factors on treatment response, we found RVR and baseline ALT levels to be significantly associated with SVR. While IL28B genotypes are identified as the strongest pre-treatment predictor of sustained viral clearance, RVR is known to be the key on-treatment response predictor. [27] We found a strong association between RVR and SVR, similar to what was seen in the other Indian studies. [15] [16] [17] Management of chronic HCV infection is undergoing a paradigm change with the increasing use of direct-acting antivirals (DAAs). Studies involving triple therapy (IFN with telaprevir and boceprevir ± RBV) found association of the IL28B polymorphisms with SVR. [28] However, with the use of more potent second generation DAAs such as sofosbuvir, the significance of IL28B genotyping may diminish. As long as IFN continues to be used as the backbone of therapy, IL28B testing may have prognostic value. [29] Information from this study is still relevant especially for those difficult-to-treat patients where the new DAAs for HCV are not available or are unaffordable. Our study is limited in terms of number of patients we could follow-up beyond the duration of treatment since this is a tertiary care centre, catering to patients from geographically distant parts of the Indian subcontinent. We could not, therefore, analyze the relative strength of association of the polymorphisms in genotype 3 and 1 infections owing to the small numbers. However, with regard to attainment of SVR, there was no difference between genotype 1 and genotype 3. It would be ideal to study the impact of these polymorphisms as well as other host and viral factors on a large cohort of patients.
Conclusion
Our study has proven and reiterated the association of IL28B polymorphisms with response to IFN based treatment. IL28B genotypes have been acknowledged as the strongest pre-treatment predictors of response. Until such time till we enter into an IFN free era, their prognostic significance is valuable, and more so in resource-limited settings where DAAs are still expensive or not yet available. Moreover, as the association of these polymorphisms and interferon λ with other viral infections and non-infectious inflammatory diseases are being increasingly recognised, their significance is very relevant.
